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PROJECT NIGHT CAMERAS 

Author Unknown 

ABSTRACT. The document c o n s i s t s  of a two-part r e s e a r c h  
proposa l  f o r  extra-atmospheric as t ronomical  observa t ions  
t o  b e  conducted on rocke t s  and satel l i tes .  P a r t  I pro- 
poses  t h e  use  of t he  Veronique-61 rocke t  t o  l o f t  s t a b l e  
p la t forms  ca r ry ing  PUV and UVL cameras ( f i e l d ,  120" x 80" ; 
a p e r t u r e ,  f/l; o b j e c t i v e  diameter,  8 mm; record ing  method, 
Kodak 103 aO-mT and SC-5 f i h )  to make a complete sky sur-  
vey of s te l lar  UV sources  of magnitude d 7.5 and weak d i f -  
f u s e  l i g h t  sources  (nebulae,  i n t e r p l a n e t a r y  gas ,  zod ica l  
l i g h t ,  gegenschein).  Equipment and c o n t r o l  systems speci-  
f i c a t i o n s ,  launch and f l i g h t  parameters,  and ope ra t ing  pro- 
cedures  are descr ibed  i n  d e t a i l .  P a r t  I1 proposes t h e  use  
of l a r g e r  cameras of t h e  same type on o r b i t a l  sa te l l i tes  
t o  map t h e  sky i n  t h e  UV up t o  magnitude d 10. The im- 
proved equipment proposed f o r  sa te l l i t e  pzyload could a l s o  
photograph t h e  sky i n  t h e  range 500-1000 A and perform 3- 
o r  4-color spectrophotometry and d i f f r a c t i o n  spectrzgraphy 
of stars of magnitude < 5 wi th  a divergence of 200 A / m .  
Data might be recovered by TV te lemet ry ,  b u t  a recoverable  
photographic  record i s  p re fe rab le .  Pre l iminary  equipment 
s p e c i f i c a t i o n s ,  f l i g h t  parameters,  and ope ra t ing  procedures  
are given. 
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NASA TT F-11,233 

Coordinating Engineer: Bernard Authier ,  Doctor of Engineering 

I. Astronomical Experiment & Rocket 

A. S c i e n t i f i c  and Engineering C h a r a c t e r i s t i c s  of t h e  Experiment 

(1) Descr ip t ion  of t h e  Experiment 

This  r e sea rch  proposal  i s  based on r e s u l t s  ob ta ined  w i t h  s p e c i a l l y  de- 
s igned wide-f ie ld ,  high-luminosity cameras which w e r e  t w i c e  flown s u c c e s s f u l l y  
cn Bercxique-51 rocke t  probes equipped with a t t i t u d e  c o n t r o l  (Space General)  
and recovery systems. 

The b a s i c  s p e c i f i c a t i o n s  of t h e s e  cameras, which are descr ibed  i n  d e t a i l  
i n  t h e  a t t ached  document, are as fol lows:  

approximate f i e l d  . . . . . . . . . .  120" x 80" 

r e l a t i v e  a p e r t u r e  . . . . . . . . . .  f/l 
o b j e c t i v e  diameter  . . . . . . . . .  8 mm 

record ing  method . . . . . . . . . .  Kodak aO-UV o r  SC-5 f i l m  

l i m i t  magnitude a t t a i n e d  during 
t h e  launch of A p r i l  4 ,  1967 . . . .  7 - 7.5 

(2) S c i e n t i f i c  Objec t ives  - I 2  

The pre l iminary  r e s u l t s  obtained with t h e s e  cameras are ve ry  b r i e f l y  
descr ibed  i n  t h e  a t t ached  document. 

CaEercs cf this +-e -J r can make I r=ipid p re l iminary  survey of t h e  sky i n  
t h e  u 1 t r a v i o l e t ; t h e  d e t e c t i o n d u r i n g  the  launch of January 11, 1967 by one of 
these cameras of nebulae which are apparent ly  r e l a t e d  t o  those  discovered by 
Kupperian and Bogges i n d i c a t e s  t h a t  it would be  of i n t e r e s t  t o  devote  several 
launches t o  t h e  d e t e c t i o n  of t h e  weak d i f f u s e  sources  f o r  which t h e  instrument  
w a s  designed.  

F i n a l l y ,  t h e s e  cameras o f f e r  t h e  advantageous c a p a b i l i t y  of ca r ry ing  out  
two e s s e n t i a l  as t ronomica l  programs: (1) t h e  d e t e c t i o n  of u l t r a v i o l e t  s te l lar  
r a d i a t i o n  up t o  and beyond t h e  seventh magnitude; and (2) t h e  d e t e c t i o n  of weak 
d i f f u s e  sou rces  (Milky Way i sophotes ,  d i f f u s e  nebulae,  i n t e r p l a n e t a r y  d i f f u s i o n ,  
zod iaca l  l i g h t ,  gegenschein,  e t c . ) .  

The exposure t i m e  of 3 min used on previous launches shows no apprec iab le  
fogging due t o  sky background b r igh tness ,  d e s p i t e  t h e  d e t e c t i o n  of stars of a 
magnitude of 7.5 and of zod iaca l  l i g h t  t o  w i t h i n  53" of t h e  sun. Both longer  
and cons ide rab ly  s h o r t e r  exposures can be  planned, though t h e  ma jo r i ty  of t h e  
stars w i l l  be  overexposed. 

- /3 

To o u r  knowledge, t h e r e  exist  no o ther  cameras wi th  performance comparable 
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t o  t h a t  of t h e  proposed cameras, which makes t h e i r  u se  t o  perform a complete 
survey of t h e  celestial  arc very  des i r ab le .  

(3)  Desc r ip t ion  and Operat ion of the Cameras 

Figure  1 i s  a genera l  view of t h e  UVL camera, wh i l e  F igures  2 and 3 show 
t h e  UVL and P W  cameras mounted i n  t h e  nose cone of t h e  Veronique-61 launched 
i n  January 1967 a t  Hammaguir. 

The ope ra t ion  of t h e s e  two cameras is  i d e n t i c a l :  t h e  f i l m s  are placed i n  
f i l m  ho lde r s  a t t ached  t o  two w i r e s ,  which are wound on t h e  drum of t h e  feed  
magazine a t  launch. 

The motor-driven drum of t h e  takeup magazine p u l l s  t h e  f i l m  ho lde r s  suc- 
c e s s i v e l y  over  t h e  pos i t i on ing  frame loca ted  i n  t h e  f o c a l  image p lane  (Figure 
4 ) .  A swi tch  system permi ts  p r e c i s e  pos i t i on ing  of t h e  f i l m  ho lde r s  over t h e  
pos i t i on ing  frame. 

The s h u t t e r  i s  a c t i v a t e d  by a n  electromagnet ic  system. A complete operat-  
i ng  cyc le  i s  descr ibed  below, i n  t h e  s e c t i o n  on "Telemetry". The o v e r a l l  op- / 4  
e r a t i o n  of each camera is  c o n t r o l l e d  by a program device  (see schematic dia-  
gram, F igu re  5 ) .  

- 

This  program device  is  a c t i v a t e d  only by t h e  command t o  begin t h e  exper- 
iment,  g iven  by t h e  nose cone c e n t r a l  cen ter .  

( 4 )  Dimensions and Weight 

O v e r a l l  dimensions of t h e  PW and WL cameras are given i n  P lan  No. 002, 
050 c ( f o r  t h e  PW) and P lan  No. 002 ,051b ( fo r  t h e  UVL), and the dimensions 
of t h e  mountings i n  P lan  No. 002,056 and P lan  No. 002,057 a ( f o r  t h e  UVL). 

The dimensions of t h e  program device are given i n  P lan  N o .  002,059. The 
c e n t e r  of g r a v i t y  and weight of each i t e m  of equipment are a l s o  given i n  t h e  
above p l ans .  

(5)  Power Supply 

The power supply f o r  t h e  e n t i r e  assembly c o n s i s t s  of a d i r e c t  cu r ren t  of 
27 V t 10% and 3 . 8  A .  

(6)  Mounting 

The cameras are t o  be  mounted i n s i d e  t h e  nose cone behind ha tches  o r  
pane l s  which can be  r e t r a c t e d  t o  clear a l l  p a r t s  of t h e  camera f i e l d  throughout /5  - 
t h e  experiment.  

It i s  d e s i r a b l e  bu t  no t  necessary  f o r  t h e  f i e l d s  of both cameras t o  be 
i d e n t i c a l  i f  two cameras are mounted on the  same nose cone; neve r the l e s s ,  i t  
i s  q u i t e  p o s s i b l e  t o  ob ta in  i n t e r e s t i n g  r e s u l t s  wi th  only one camera p e r  nose 
cone. 
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Deutsch plugs;  

DS04 19s  
A DS07 19P 

DS04 12P 
{ DS07 12s  

DS04 7s 
{ DS07 7P 

DS04 7s  
DS07 7P 

I n t e r f a c e  wi th  t h e  c o n t r o l  c e n t e r  (plug D) ; 

- power supply: 27 V;  3 . 8  A .  
- t e lemet ry  
- t e lemet ry  output  impedance 56 KR 
- "closed contac t"  s t a r t i n g  t h e  program device  
- open contact"  s topping t h e  program device  (op t iona l )  1' 

Figure  5. Schematic Wiring Diagram of Night Camera. 

(7) Planning 

Some mechanical ref inements  suggested by previous  launches are being in-  
corpora ted  i n t o  t h e  cameras, which w i l l  be ready,  t oge the r  w i th  t h e  program 
dev ice ,  i n  October 1967. 

B. Launching and F l igh t  Requirements 

(1) Number of Launches 

S e v e r a l  launches,  wi th  va r ious  t r a j e c t o r i e s  designed t o  cover t h e  e n t i r e  
sky would b e  d e s i r a b l e .  

( 2 )  L a t i t u d e  of t h e  Launch Pad 

Not c r i t i c a l .  
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(3) Launch Windows 

The experiment should be  c a r r i e d  out a t  n i g h t ,  dur ing  t h e  ne1 moon. N o  
standby launches are a n t i c i p a t e d ;  p rec i se  launch windows w i l l  be  c a l c u l a t e d  as 
soon as a dec i s ion  has  been reached on whether t o  make t h e s e  experimental  
f l i g h t s .  

( 4 )  Atmospheric Condit ions on t h e  Ground - /6 

Ground v i s i b i l i t y  is  n o t  c r i t i ca l .  P repa ra t ion  of t h e  nose cone a few 
hours be fo re  t h e  f l i g h t  should be done i n  dry  weather i f  i t  is  d e s i r e d  t o  avoid 
damge  to t h e  coa t ings .  

C .  Rocket Vehicle Performance 

(1) T ra j ec to ry  

A l t i t u d e  a t  apogee should be no less than  180 km; t h e  experiment is  pos- 
s i b l e  above 100 km. 

The experiment does no t  r e q u i r e  t h e  record ing  of any s p e c i a l  information 
on t h e  rocke t  t r a j e c t o r y .  

(2)  In-Fl ight  Operat ions 

The camera f i e l d  must be  clear throughout t h e  f l i g h t .  

(3) Recovery 

Recovery of t h e  t a k e  up magazines of each camera i s  indispensable  t o  t h e  
success  of t h e  experiment.  
a f t e r  launch;  moreover, i f  t h e  launch i s  made i n  a very  h o t  climate, t h i s  t i m e  
l a p s e  should be  shortened t o  prevent  d e t e r i o r a t i o n  of t h e  f i l m .  
noted t h a t  t h e  magazines are w a t e r t i g h t .  

Recovery should be  accomplished w i t h i n  48 hours  

It should b e  - /7 

( 4 )  A t t i t u d e  Control  

An i n e r t i a l  t r i a x i a l  a t t i t u d e  con t ro l  system i s  r equ i r ed  (maintaining a 
s i n g l e  camera po in t ing  throughout t h e  experimental  p o r t i o n  of t h e  f l i g h t ) .  

These cameras w e r e  s p e c i a l l y  designed f o r  compa t ib i l i t y  w i th  t h e  per for -  
mance c h a r a c t e r i s t i c s  of t h e  a t t i t u d e  con t ro l  system b u i l t  by Space General 
(po in t ing  p r e c i s i o n  f2", l i m i t  cyc l e  510'). 

D .  Equipment Required on Board 

(1)  Telemetry 

Telemetry provides  information on the performances of each camera and 
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permits  monitoring of t h e  exposure t i m e .  
t e lemet ry  channel f o r  each camera (though t h e s e  may be  mul t ip lexed) .  

It i s  thus  necessary  t o  provide  a 

Analog s i g n a l s  are used (0,  +2 V); r equ i r ed  ampli tude p r e c i s i o n  is  10%. 

A t y p i c a l  f l i g h t  sequence record i s  given i n  F igure  6. Output impedance 
is 56 KR. 

(2)  On-Board Recording 

No on-board record ing  i s  requ i r ed ;  however, camera performance may be  re- / 8  - 
corded i n s t e a d  of te lemetered.  

(3 )  Control  

N o  remote c o n t r o l  i s  r equ i r ed .  A present  command (closed con tac t )  causes  
t h e  program device  t o  start  t h e  experiment as soon as camera po in t ing  i s  es- 
t a b l i s h e d ,  t h e  camera f i e l d s  are cleared, and a n  a l t i t u d e  of a t  least 100 km i s  
reached. 

E. Recording Requirements 

(1) T ra j ec to ry  

A record ing  accuracy of 25 km on the a l t i t u d e  a t  any given t i m e  is  suf -  
f i c i e n t .  
po in t ing  (approximately 0 2 2")and  the l i m i t  cyc le .  

Examination of t h e  nega t ives  w i l l  e s t a b l i s h  t h e  p r e c i s i o n  of camera 

F. In t e r f e rence  

These cameras should n o t  i n t e r f e r e  wi th  t h e  equipment of p o s s i b l e  co- 
experimenters  and are themselves s e n s i t i v e  only  t o  gas  l e a k s  o r  p o s s i b l e  ex- 
t raneous  l i g h t  sources  which might e x i s t  on board t h e  rocke t .  

R e f l e c t i n g  s u r f a c e s  l i a b l e  t o  throw p a r a s i t e  r ays  i n t o  t h e  camera f i e l d  / 9  - 
must a l s o  be avoided. 

G. Operations on t h e  Launch Pad 

(1) F l i g h t  P repa ra t ion  

The on ly  ground i n s t a l l a t i o n s  required are a c o n t r o l  room (about 15  m ) 
2 

and a darkroom f o r  loading t h e  cameras. 

(2) Ground Communications 

NO concurren t  ground expertments w i l l  b e  performed and no s p e c i a l  communi- 
c a t i o n s  a re  r equ i r ed .  

1 0  



Reset to zero --- 

Close shutter 0.5 ' p 

Advance film 

& 
Open shutter 50 msec 
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Close shutter 

Advance film 

Open shutter 

Close shutter 

Advance film 

Cut wire 
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Panel control 
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Figure 6. Flight .Sequence Telemetry 
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(3) Inspec t ion  

A t es t  plug i s  provided t o  v e r i f y  proper  camera func t ioning .  

P re fe rab ly  t h i s  tes t  plug should be a c c e s s i b l e  through the open p o r t s  of 
t h e  rocke t ;  however, t h e s e  tests can be made i f  necessary through t h e  nose 
cone umbilicus plug.  

To p r o t e c t  t h e  o p t i c a l  system (from d u s t  and coa t ing  damage by atmospheric 
agen t s ) ,  t h e  mi r ro r s  are covered. 
(e .g . ,  one hour be fo re  launch) when t h e  p repa ra t ion  of t h e  nose cone is  f i n i s h e d .  

The covers  are removed as l a t e  as p o s s i b l e  /10 

11. Astronomical Experiment b~ Sa te l l i t e  /11 
A .  S c i e n t i f i c  and Engineering C h a r a c t e r i s t i c s  of t h e  Experiment 

(1) Desc r ip t ion  of t h e  Experiment 

Based on t h e  r e s u l t s  descr ibed  above, i t  is  easy t o  w r i t e  s p e c i f i c a t i o n s  
f o r  a cons iderably  more s e n s i t i v e  camera. 

Exposure t i m e s  may be  t h e  same o r  even longer ,  s i n c e  t h e  sky background 
b r i g h t n e s s  d i d  n o t  r e g i s t e r  wi th  t h e  th ree  minute exposures used i n  t h e  preced- 
ing  experiments ,  i n d i c a t i n g  t h a t  exposures a t  least t h r e e  t i m e s  as long can be  
used. 

Such a camera would be  capable  of mapping t h e  sky r a p i d l y  and completely 
i n  t h e  u l t r a v i o l e t  up t o  t h e  t e n t h  magnitude. 

The record ing  method used would s t i l l  be  photographic f i l m  recovered i n  a 
de tachab le  magazine wi th  maximum dimensions of 10 x 10 x 5 cm. 

The dimensions of t h e  instrument would be  150 x 40 x 40 cm, a l though t h e  
ins t rument  can be  designed i n  a v a r i e t y  of s i z e s  ranging from t h e  p re sen t  s i z e  / 1 2  
(60 cm i n  l eng th )  t o  200 cm. 

- 

Depending on t h e  v e h i c l e  chosen, the f i e l d  could embrace a complete revolu-  
t i o n  around t h e  a x i s  of a i m  o r  could be l imi t ed  t o  one s e c t o r  l i k e  t h e  f i e l d  
of t h e  cameras descr ibed  i n  P a r t  I above, f o r  which t h e  pa th  of t h e  f i e l d  on 
t h e  ce les t ia l  g lobe  i s  shown i n  F igure  7. 

The r e s e a r c h  proposa l  i s  n o t  l imi ted  t o  broad passband photography of t h e  
sky u n l e s s  t h e  engineer ing c h a r a c t e r i s t i c s  of t h e  v e h i c l e  impose t h i s  l i m i t a -  
t i o n .  

Without g r e a t  d i f f i c u l t y ,  t h e  experimenter can use  t h e  same i n s t r u q e n t  
t o  o b t a i n  gene ra l  photographs of t h e  sky (passbands from 500 t o  1000 A) , as 
w e l l  as perform spectrophotometry i n  th ree  o r  fou r  c o l o r s  and d i f f r a c t i o n  g ra t -  
i ng  zpectrography of stars up t o  the f i f t h  magnitude wi th  a divergence of 
200 A / m .  
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These d a t a  would be obtained s imultaneously and s t o r e d  i n  t h e  same ejec- 
t a b l e  magazine as t h e  f i lm .  

W e  p r e f e r  t h e  photographic method because of i t s  s i m p l i c i t y  and e x c e l l e n t  
r e s u l t s .  
s idered .  However, t e l e v i s i o n  scanning, which sweeps a f i e l d  of 50" a t  i n t e r v a l s  
of 1' of arc, would c e r t a i n l y  no t  permit t h e  same s e n s i t i v i t y  t o  be achieved 
wi th  equiva len t  experiment du ra t ions .  

I f  f i l m  recovery i s  n o t  f e a s i b l e ,  a t e l e v i s i o n  system could be ccs- /13 

(2) S c i e n t i f i c  Objec t ives  

Using t h i s  type  of camera, a complete sky c h a r t  can be  made wi th  a dozen 
2 camera po in t ings ,  s i n c e  each f i e l d  includes about 50" . 

(3)  Descr ip t ion  and Operation of the  Cameras 

The o p e r a t i v e p r i n c i p l e  of these cameras i s  i d e n t i c a l  wi th  t h a t  of t h e  
cameras descr ibed  above, except  t h a t  t h e  f i l m  ho lde r s  are rep laced  by r o l l  f i l m  
arranged t o  permit  making t h i r t y  nega t ives  i n  success ion .  

The exposures could b e  made on r e c e i p t  of an a i m  s i g n a l .  Camera po in t ing  
could be accomplished e i t h e r  by v e h i c l e  systems o r  by a n  aiming device  b u i l t  
i n t o  t h e  camera. 

(4)  Dimensions and Weight 

The o v e r a l l  dimensions of t h i s  type  of camera can vary  between those  g i v e d l 4  - 
f o r  t h e  cameras i n  P a r t  I ,  above, t o  a s i z e  of 200 x 50 x 50 cm; t h e  weight 
would r ange  from 12 t o  45 kg. 

E i t h e r  one o r  two cameras might b e  mounted i n  the v e h i c l e ,  depending on 
a v a i l a b i l i t y  of space.  

(5) Power Supply 

A d i r e c t  cu r ren t  power supply of 27 V t lO%and 1 A is  provided; t o t a l  
power consumption should be of t h e  o rde r  of 0.10 Ah. 

( 6 )  A t t i t u d e  Control  

It w i l l  be  necessary  t o  make a dozen camera po in t ings ,  one o r  s e v e r a l  
t i m e s ,  w i t h  a p r e c i s i o n  of t h e  order  of 3" and a l i m i t  c y c l e  of less than  1' o r  
equ iva len t .  

These po in t ings  should be made a t  n igh t ,  wi th  t h e  sun a t  -20", and dur ing  
t h e  new moon. 

(7) Mounting 

The czmeras must be mounted so  t h a t  t he  temperature  of t h e  f i l m  magazines 
can b e  main ta ined  between -20°C and + 4 O 0 C .  

1 4  
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A study will be made to determine the effect of direct sunlight falling on 
he collecting mirrors. This study may lead to the installation of a panel to 
protect the optical system from direct sunlight. 
be activated by solar cells. 

This protective panel could 

(8) Planning 

If the photographic recording method and camera pointing by vehicular sys- 
tems are to be used, preparation of the experiment will take a year and a half 
from the time when the final proposal is finished. 

If camera pointing is to 3e accompiished by the experimenter, preparatien 
t h e  can be reduced to one year. 

If 2 television camera tube is to be used, a preparation time of three 
to four years must be anticipated. 

B. Telemetry and Remote Control 

The only telemetry required is that necessary to monitor exposure times 
(film advance) and shutter function. 

Remote control is not required, unless considerations of simplicity make /16 - 
it advantageous to trigger the exposures from the ground on receipt of a tele- 
metered aim signal. 

C .  Orbit 

(1) Apogee and Perigee 

Thn --l- 1 
L L L L  url~y limitation is that the apogee must be such as to avoid bombard- 

ment by extra-atmospheric particles damaging the film. 

(2)  Orbit 

Not critical. The camera pointings can be accomplished during one or 
several orbits. 
sure of 10 to 20 sec and a long exposure of at least three minutes. 

Two negatives will be taken at each pointing, a short expo- 

D. Recovery 

Recovery of the film is imperative. The magazine mlght be designed for /17 
recovery by an astronaut. 

(1) Orbital Data 

E. Information Requirements 

15 



c 
NASA TT F-l1,233 

A p r e c i s i o n  of a few k i lometers  on t h e  p o s i t i o n  of t h e  s a t e l l i t e  a t  any 
given t i m e  i s  s u f f i c i e n t .  

(2) A t t i t u d e  

The p r e c i s i o n  of camera po in t ing  can be  e s t a b l i s h e d  by examining t h e  nega- 
tives. 

F. In t e r f e rence  

The experiment i s  s e n s i t i v e  only t o  gas  o r  smoke l e a k s  which might fog t h e  
f i l m  o r  damage t h e  o p t i c a l  system, and to  p a r a s i t e  r e f l e c t i o n s  o r  extraneous 
l i g h t  sources  which a l s o  might fog  t h e  f i l m .  

It seems p e r f e c t l y  f e a s i b l e  t o  conduct any o t h e r  s o r t  of experiment on /18 - 
t h e  same v e h i c l e .  

G.  Concurrent Measurements 

N o  concurrent  on-board measurements are r equ i r ed  and no concurrent  ground 
measurements are planned. 

i’ FRANK C.  FARNHAM COMPANY, I N C .  
133 South 36th S t r e e t  
P h i l a d e l p h i a ,  Penna. 19104 
Trans l a t ed  by Don Wixtrom 
NASW-1497 
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